Background Pacing at the right atrial septum (RAS) appears to be superior to that performed at the right atrial appendage for preventing paroxysmal atrial fibrillation and for reducing complications. However, atrial lead insertion at the RAS is difficult and time-consuming. Although a few useful devices have been reported, handling of the atrial lead around the RAS is sometimes difficult even with those devices. Therefore, in the present study a long-straight sheath (LSS) was used in an attempt to secure sufficient space for handling the atrial lead around the RAS. Methods and Results Seventy-six consecutive patients who underwent insertion of an atrial lead at the RAS from a left-sided approach were examined. The non-LSS group comprised 24 patients and the LSS group had 52. The success rate of atrial lead insertion was significantly higher in the LSS group than in the non-LSS group [50/52 (96.1%) vs 13/24 (54.2%); p<0.01]. The operation time was significantly shorter in the LSS group (13.6±9.1 min vs 32.7±11.1 min, p<0.01). P wave duration was significantly shorter during RAS pacing than during normal sinus rhythm. Conclusion The LSS technique is useful for atrial lead insertion at the RAS because it enables sufficient space to be secured for lead handling. (Circ J 2008; 72: 262 -267) 
umerous retrospective and prospective studies have shown favorable results for chronic atrial pacing for the prevention of paroxysmal atrial fibrillation (PAF). [1] [2] [3] [4] [5] [6] It has also been reported that pacing at the right atrial septum (RAS) appears to be superior to that performed at the right atrial appendage (RAA) or free wall for preventing PAF with sinus bradycardia [7] [8] [9] [10] [11] [12] and for reducing complications such as pericarditis, diaphragmatic stimulation, perforation, cardiac tamponade and pneumothorax. 7, [13] [14] [15] [16] [17] [18] [19] [20] [21] However, insertion of the lead at the RAS is sometimes technically difficult and time-consuming.
Recently, a few useful devices have been proposed [Locator™ (St Jude Medical, Sylmar, CA, USA)] and the modified J stylet. De Voogt et al reported good results for the use of a Locator™, but far field R wave (FFRW) sensing shows only a trend in being higher in the low RAS than in the RAA. 22 Bailin et al reported a technique of Bachmann's bundle pacing using a modified J stylet, 23 targeting Bachmann's bundle, which is in the anterior RAS (near the tricuspid valve), may occasionally result in serious complications such as cardiac tamponade or aortic injury. 24 An alternative site for atrial lead insertion is the posterior RAS (posterior Bachmann's bundle), which is near the superior vena cava and distant from the tricuspid valve or the aorta, but handling of the lead in the small space around the posterior RAS is very difficult, even if a Locator™ or modified J stylet is used. After several efforts, we have found that an easy approach to handling the atrial leads in the small space around the posterior RAS is to use a long-straight sheath (LSS) with a left-sided approach, with the tip of the LSS near the free wall and distant from the RAS. Accordingly, in the present study we compared the usefulness of the LSS method with that of the standard method for fixing an atrial lead at the posterior RAS.
Methods

Patients
The subjects were 76 consecutive patients in whom atrial lead insertion at the posterior RAS was attempted in Okayama University Hospital during the period from November 2004 to November 2006. In the first period (Nov 1, 2004 to Jul 31, 2005) , the LSS was not used (non-LSS group: n=24), but it was in the second period (Aug 1, 2005 to Nov 30, 2006) (LSS group: n=52). All procedures were performed from a left-sided approach.
We also evaluated acute P wave amplitude, pacing threshold, lead impedance and P wave duration during RAS pacing or normal sinus rhythm (NSR) on 12-lead ECG in the LSS and non-LSS groups.
LSS
In the LSS group, we used a peel-away 8F LSS (Medikit Peel-off Introducer, 25 or 30 cm, Medikit Co Ltd, Tokyo, Japan) (Fig 1) , because it is soft and flexible, but kink-resistant. Therefore, the LSS was able to safely follow the curved junction of the superior vena cava and the left brachiocephalic vein.
Stylet
We mainly used a manually bent stylet (Fig 2A) with a smaller curve than that of a standard curved stylet for RAA insertion (Fig 2B) .
Atrial Lead Insertion Procedure
First, we slowly inserted the LSS at the mid right atrium (RA) position, taking care to avoid venous or cardiac injury, especially in the curved junction of the superior vena cava and the left brachiocephalic vein, as with lead insertion. The tip of the LSS was then located laterally and posteriorly. In this position, sufficient space between the tip of the LSS and the posterior RAS was obtained (Figs 3A, C, D, F) and we could easily manipulate the atrial lead in the RA towards the RAS.
In contrast, using the right-sided approach, the tip of the LSS is near the septum and distant from the free wall, and sufficient space for handling of the lead near the RAS cannot be obtained. Therefore, patients in whom this approach was used were excluded from the study.
Next, we introduced an active fixation lead into the RA through the LSS and exchanged the straight stylet for the curved type. We carefully inserted the atrial lead at the posterior RAS (posterior Bachmann's bundle) to avoid Koch's triangle, the free wall and roof of the RA (Fig 4) .
First, with the fluoroscope in the 30-degree, right anterior oblique position, the lead was rotated toward the posterior RAS in a counterclockwise direction, taking care to avoid the area near the tricuspid valve and the anterior roof (Figs 3B, 4). Next, we confirmed that the lead was directed toward the RAS on a 40-or 50-degree left anterior oblique view (Fig 3E) . After the lead was fixed, acute lead sensing and pacing threshold tests were performed. When we could not fix the lead at the posterior RAS or could not obtain a P-wave amplitude of more than 1.5 mV and a pacing threshold of less than 1.5 V at 0.5 ms, we inserted the atrial lead at the RAA instead of the RAS.
Atrial Leads
All the atrial leads that we attempted to insert at the RAS were active fixation leads (1488T, 1688T, St Jude Medical; 5068, 5076, 6940, Medtronic Inc, Minneapolis, MN, USA; 4470, 4471, Guidant Corp, St Paul, MN, USA). 
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Statistical Analysis
Data are presented as means ± standard deviations. Differences in variables were assessed using Student's unpaired t-test or chi-square comparison. A p-value of less than 0.05 was considered significant.
Results
Patient Characteristics
The 76 patients comprised 39 patients with pacemakers, 30 patients with implantable cardioverter defibrillators (ICDs) and 7 patients undergoing cardiac resynchronization therapy. There were no significant differences between the patients in the non-LSS and LSS groups regarding their clinical backgrounds (Table 1) .
Success Rate
The success rate of atrial lead insertion at the RAS was significantly higher in the LSS group than in the non-LSS group [50/52 (96.1%) vs 13/24 (54.2%); p<0.01].
Although the success rate for the last 5 patients and for the last 10 patients in the non-LSS group was 40%, the success rate for the first 10 patients in the LSS group was 100%.
In 2 patients in the LSS group, the atrial leads were dislodged at the time of peeling away the LSS, because of excessive pulling on the atrial lead. We repeated the process and were able to insert the leads at the RAS without a sheath, but the time required was longer than with the LSS.
The atrial lead was successfully inserted at the RAA in all of the 11 patients (45.8%) in the non-LSS group in whom attempts at atrial lead insertion at the RAS failed.
Operation Time
Among the patients in whom atrial lead insertion at the RAS was successful (13 patients in the non-LSS group and 50 patients in the LSS group), implantation time was significantly shorter in patients in the LSS group than in patients in the non-LSS group (13.6±9.1 min vs 32.7±11.1 min, p<0.01) ( Table 2) .
P-Wave Amplitude, Pacing Threshold and Lead Impedance
Among the patients in whom atrial lead insertion at the RAS was successful (13 patients in the non-LSS group and 50 patients in the LSS group), there were no differences between the 2 groups in P-wave amplitude, pacing threshold or lead impedance ( Table 2) .
P-Wave Duration on Surface ECG
Among the patients in whom atrial lead insertion at the RAS was successful (13 patients in the non-LSS group and 50 patients in the LSS group), P-wave duration during NSR or RAS pacing on the 12-lead ECG did not differ between the 2 groups (Table2). However, the P-wave duration was significantly shorter during RAS pacing than during NSR in both groups (non-LSS group: 116±14 ms vs 128±7 ms, p<0.05, LSS group: 112±13 ms vs 125±11 ms, p<0.05) ( Table 2) .
Adverse Events
No adverse cardiac events occurred during or after atrial lead implantation. Moreover, no FFRW sensing was observed with the atrial sensitivity threshold set to 0.3 mV during either the operation or the follow-up period.
Discussion
We achieved a significantly higher success rate, a shorter implantation time of atrial lead insertion at the RAS, and shorter P-wave duration during RAS pacing, just by using the LSS.
Development of the LSS Method
Our initial technique of atrial lead insertion at the posterior RAS (posterior Bachmann's bundle) without using an LSS was very difficult to perform, and even when using a Locator™ or a specially shaped stylet, it was still difficult to maintain the lead in a position perpendicular to the RAS, so the success rate was very low. Because the posterior RAS is very close to the superior vena cava, we could not obtain sufficient space for lead handling and the atrial leads could not be placed perpendicularly against the posterior RAS.
We then attempted lead insertion using a long tip-curved sheath to make direct contact with the RAS. Lead insertion using sheaths with various degrees of curvature was attempted, but it was still very difficult to keep the sheath and atrial lead perpendicular to the RAS, because the RAS has a sloped surface (Figs 3D-F) . Consequently, the success rate of insertion using a long tip-curved sheath was less than 40%. Therefore, we performed a simulation using a full-scale model of the heart (Path models, left to right heart in a travel case, Medtronic Inc) in order to determine which type of curved sheath was best for placing the atrial lead in a position perpendicular to the RAS. However, we gave up trying to use a tip-curved sheath in this position because of the difficulty in handling the sheath and atrial leads at the posterior RAS. However, during the simulation, we were able to obtain sufficient space for lead handling around the posterior RAS when using a LSS, with the tip located near the posterior free wall and distant from the RAS. Therefore, in our patients, we were able to obtain sufficient space for handling the atrial lead around the RAS, using this LSS method, and we achieved a higher success rate of implantation and shorter implantation time.
Target Position of the Atrial Lead
Various complications of atrial lead fixation at the RAA or free wall have been reported [13] [14] [15] [16] [17] [18] [19] [20] [21] and in fact, considering the cardiac anatomy, it is surprising that perforation does not occur more frequently with atrial lead fixation at the RAA or free wall. Vlay et al reported that at the time of cardiac surgery, the tip of the helix of the right atrial electrode is occasionally visualized in patients with implanted pacemakers. 17, 18 Oginosawa et al cited literature documenting 3 (27%) of 11 autopsied pacemaker patients with penetration of the RA by the helix. 18 Greene et al reported that acute pericarditis occurred in 4.9% of patients with active fixation atrial leads, especially when the lead was placed at the lateral or anterolateral wall of the RA. 25 In addition, Weretka et al reported that FFRW sensing occurred in 10 (21.3%) of 48 patients with a dual-chamber ICD. 26 We make an effort to avoid any free walls, such as the roof, posterior or RAA, for atrial lead fixation. We have attempted atrial lead insertion at the posterior RAS, the location of which is almost the same as that of Bachmann's bundle. Bailin et al reported a method of Bachmann's bundle pacing; 23 however, this position is occasionally not the RAS but the anterior free wall and is near the aortic cusp, because it has been reported that atrial lead insertion at this position caused perforation or aortic injury. 24 The low RAS should also be avoided because FFRW sensing frequently occurs. 22, 27, 28 This "double counting" of intrinsic atrial deflection and FFRW sensing can not only interfere with the appropriate action of an ICD, [27] [28] [29] but also result in an inappropriate mode switch in normal pacemaker patients. 26, [30] [31] [32] Therefore, these positions (ie, anterior free wall or low RAS) may cause operative complications.
Accordingly, the target position should be the posterior RAS (posterior Bachmann's bundle) and in the present no FFRW sensing occurred either during the operation or the follow-up period.
Unfortunately, because of insufficient data, we did not investigate whether posterior RAS pacing reduces the occurrence of PAF or not. However, the location of the posterior RAS is almost same as that of Bachmann's bundle and in fact, posterior RAS pacing significantly reduced the P-wave duration compared with NSR, as has been the case with Bachmann's bundle pacing 7 and low RAS pacing. 27 This result can be attributed to preferential conduction from the RA to left atrium in the posterior RAS, 33 and therefore posterior RAS pacing would potentially reduce the occurrence of PAF.
Study Limitations
First, this study was neither prospective nor randomized. We used the LSS in the second-term period, so there is a possibility that the higher success rate was related to the "learning curve". However, we experienced the following 2 cases in the LSS group in which we successfully inserted the atrial leads at the RAS in 5 and 7 min, respectively. However, at the time of peeling away the LSS, the atrial leads were dislodged because of excessive pulling on the atrial leads. Therefore, we attempted to re-insert the leads at the RAS without the sheath, but it took approximately 30 and 35 min, respectively, for fixation at the RAS. Thus, it took much longer to insert the atrial lead at the RAS without the LSS than with the LSS, even on the second attempt, which suggests the usefulness of the LSS with no relation to the "learning curve". In addition, although the success rate for the last 5 patients, and for the last 10 patients in the non-LSS group, was 40%, the success rate for the first 10 patients in the LSS group was 100%. The success rate increased dramatically after starting to use the LSS, which also suggests the usefulness of the LSS with no relation to the "learning curve".
Second, we used the LSS for atrial lead insertion at the RAS using a left-sided approach. However, in the rightsided approach, the tip of the LSS is near the septum and distant from the free wall, and sufficient space for handling of the lead near the RAS cannot be obtained. Therefore, the left-sided approach should be used for the LSS method.
Conclusion
We conclude that the LSS technique is very simple and useful for atrial lead insertion at the posterior RAS because space for lead handling can be secured and the tip of the sheath is near the free wall and distant from the RAS.
